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We analyze the phenomenology of the Higgs sector in a 5D model compactified on 
an S 1 /Z 2 orbifold with a compactification scale Mq ~ 0{TeV) where supersym¬ 
metry breaking is localized on a brane at one of the fixed points. We show that 
the conventional MSSM Higgs boson mass bounds in 4D can be violated when we 
allow the gauge sector, Higgs and third family multiplets to live in the fifth extra 
dimension. 


Introduction 

Extra-dimensional supersymmetric models with a TeV compactification 
scale Me offer an exciting new environment for investigating electroweak 
symmetry breaking (EWSB) Higher-dimensional fields can be equiva¬ 
lently described as infinite towers of Kaluza-Klein (KK) resonances and 
the KK mode has a mass ~ 0{k/R), where R = is the com¬ 
pactification radius of the extra dimension(s) ®'. These models have the 
attractive feature that loops of virtual top and stop KK modes yield a 
negative contribution to the Higgs mass, which can trigger EWSB around 
the TeV scale. Remarkably, the one-loop effective potential is found to be 
finite due to A/" = 1 SUSY in 5D which implies that the Higgs physics is 
completely independent of the high-energy physics above some cutoff scale. 


^Note that AT = 1 SUSY in 5D is equivalent to A/” = 2 SUSY in 4D, and so 5D hyper- 
multiplets can be decomposed into an W = 1 multiplet plus its mirror-conjugate. 
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Our Model 

We will summarize the features of our 5D model ^ as shown in Figure 1. 
We localize 4D 3-branes at the two fixed points y = 0, ttR arising from 
the compactification of the extra dimension on an jZ^ orbifold. SUSY 
is broken on the “source” brane at y = 7ri? when a localized gauge field 
singlet (S) acquires a non-zero F-term vacuum expectation value (VEV). 
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Figure 1. The allocation of states in our 5D model is motivated by an explicit 
type I string construction ^. 


The first two MSSM (-F 1 . 2 ) families are confined to the “Yukawa” brane 
at y = 0 where we are forced to localize Yukawa couplings, while the third 
family (F 3 ), MSSM gauge sector (Vmssm) and Higgs superhelds {Hu,d) live 
in the extra dimensional bulk along with their mirror-conjugate partners. 
Bulk helds acquire tree-level soft parameters due to their direct coupling 
with the SUSY breaking brane through non-renormalizable operators de¬ 
fined at y = ttR, while first and second family squarks are suppressed by the 
separation between branes which alleviates the flavour-changing neutral 
current problem. The electroweak symmetry is broken when the zero-modes 
of the Higgs fields acquire non-vanishing VEVs (< >, < 0). 

The localization of the Yukawa couplings and soft SUSY breaking 
masses at the fixed points leads to complicated mixing between different 
KK modes when we decompose the 5D fields In Ref. we diagonalized 
the top/stop mass matrices to find the held-dependent KK mass spectra 


^The mixing strength is related to the SUSY breaking VEVs, and viable radiative EWSB 
requires a non-universality between VEVs, i.e. Fgf 2> Fg u. 
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for the top: 
mt,k[hu] = 


. Me f ythuTT 

kMc H-arctan - 

tt \V2Mc 


{k = —oo,..., oo) 


and the field-independent stop KK modes: 


m: 


t.h 




Mh 


{k = —oo,..., oo) 


( 1 ) 

( 2 ) 


where yt is the 4D Yukawa coupling and we identify the physical top mass 
as the k = 0 mode of Eq. 1. We used dimensional regularization and zeta- 
function regularization techniques ® to evaluate the top/stop contributions 
to the 1-loop effective potential, and found that the top and stop contri¬ 
butions are separately finite (and free of ultraviolet divergences) due to 
supersymmetric cancellations. 


Results 

We applied the usual minimization conditions to the 1-loop effective poten¬ 
tial to extract the physical Higgs mass spectrum in terms of a universal soft 
Higgs mass input parameter (or equivalently m^o) and tan (3. The results 
are shown in Figure 2 for two different values of tan /3 where fine-tuning 
arguments ^ restrict our analysis to compactification scales Me ~ 4 TeV. 
We also compare the MSSM results ® with our model for tan/3 = 1.5 and 
find that our model is not excluded by the LEP signal 


Higgs Mass (GeV) 


Higgs Mass (GeV) 




Figure 2. The Higgs masses (m^o,,m^o) against m^o for tan/3 = 1.5 (left 
panel) and tan/3 = 20 (right panel). The LEP candidate at 115 GeV [bold 
dotted-line) is shown for comparison with m^o. For tan/3 = 1.5 (left panel), 
we also compare the MSSM results taken from (dotted-lines) against our model 
(bold-lines). 
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Figure 3. Mass contour plot for the lightest Higgs mass m^o as a function of the 
compactification scale Mq (GeV) and tan/3 < 20). 

In Figure 3, we plot the lightest Higgs mass (m^o) as a function of the 
compactification scale Mq and tan f3. The LEP data excludes the parame¬ 
ter space below the first contour at rriho = 115 GeV ® which corresponds to 
a compactification scale Mq ~ 1-5 — 1.7 TeV over the whole range of tan/3. 
Notice that our model can easily accommodate the conventional 4D MSSM 
upper bound on the lightest Higgs boson mass ruho ~ 130 GeV, and can be 
pushed as high as ruho ~ 160 GeV with Me « 4 TeV and 5 < tan/3 < 20. 
Remember that including additional matter (e.g. gauge singlets in the 
NMSSM) can also raise the upper bound on the lightest Higgs mass, but 
our “minimal” extension of the MSSM in 5D achieves higher mass bounds 
without adding extra matter content. 
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